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Abstract— Arsenic is a highly toxic metalloid element and 
occurs in many minerals, usually in conjunction with sulfur 
and metals, and also as a pure elemental crystal. Arsenic 
poisoning from naturally occurring arsenic compounds in 
drinking water remains a problem in many parts of the 
world. Arsenic contaminated water is also used in the 
agricultural field for irrigation purpose. The influence of 0, 
1, 2 and 4mg/l sodium arsenite on germination, seedling 
growth and biochemistry of two varieties of Rice (Oryza 
sativa), Nayanmani and Satabdi was studied under 
controlled conditions. After 3 weeks the various parameters 
(percentage of seed germination, root and shoot length, dry 
biomass, chlorophyll, peroxidase, protein and ascorbic acid 
content) were estimated following standard procedures. It 
was observed that the root and shoot length, germination 
percentage, dry biomass, protein content, chlorophyll, 
ascorbic acid content and peroxidase activity decreased 
significantly with increasing exposure to arsenic in both the 
plant varieties. The study shows that arsenic is toxic to both 
rice varieties and affects adversely the normal rate of 
germination and growth through alteration in the plant 
biochemistry. 
Keywords— Arsenic, Biochemistry, Seed germination, 
Seedling growth, Vigor index.  
 
I. INTRODUCTION 
Arsenic is a toxic pollutant in the environment. Thousands 
of people are suffering from it in many countries all over 
the worlds including India and Bangladesh. The arsenic 
contamination in the affected regions is mostly through the 
presence of high concentration of arsenic in groundwater. 
The arsenic contaminated ground water in those areas is 
used not only used for drinking and domestic use purposes, 
but also for irrigating crops. The arsenic from both soils and 
irrigation water is accumulating in vegetables and rice 
grains during cultivation. Several crops such as rice, wheat, 
potato, sweet potato, carrot, radish, onion, garlic, 
cauliflower, broccoli, cabbage, celery, chinese cabbage, 
lettuce, ginger, tomato, cucumber, eggplant, spinach, 
bamboo shoot, snake gourd, ghotkal, taro, green papaya, 
elephant foot, turmeric, beans and chili have been reported 
to accumulate arsenic in their edible parts like leaves, fruits 
and grain through the irrigation of arsenic-contaminated 
water [1-6].   
Rice is the main crop in Eastern India and Bangladesh 
where arsenic menace is the most prominent. In 
Bangladesh, rice cultivation covers about 75% of the total 
crop field area and 83% of the irrigated area. A large 
number of shallow tube well (STW) and deep tube well 
(DTW) have been installed both in India and Bangladesh to 
irrigate about million hectors of crop land. This contributes 
significantly to increase in the food grain production of the 
country [7]. However, long-term use of arsenic 
contaminated groundwater for irrigation has resulted in 
elevated soil arsenic levels in agricultural lands [8,9]. The 
arsenic from both soils and water find their way to the plant 
parts and ultimately to human body through food chain. 
Rice grain has been reported to accumulate arsenic up to 
2.0mg/kg in grain [10,11] and up to 92mg/kg in straw. 
According to WHO recommendation the permissible limit 
of Arsenic in rice is 1mg/kg [12]. 
Presence of high level of arsenic in rice or any plants can 
hamper the normal growth and development like inhibition 
of seed germination, decrease in plant height, reduction in 
root growth, lower fruit and grain yield, and sometimes also 
leads to death [12]. As a result, the crop yields and 
productivity is reduced drastically due to the arsenic phyto-
toxicity.  
Plants normally accumulate arsenic in trivalent (AsIII) and 
pentavalent (AsIV) forms, which interfere with different 
metabolic pathways in cells like interaction with 
sulfohydryl groups and replacement of phosphate from 
ATP. Heavy metals including metalloid As stimulate the 
formation of free radicals and reactive oxygen species 
which lead to oxidative stress [13,14]. Requejo and Tena, 
2005[15] reported the effect of arsenic exposure on maize 
(Zea mays L.) root proteome and concluded that the 
induction of oxidative stress is the main process underlying 
arsenic toxicity in plants. Plants respond to oxidative stress 
by increasing the production of antioxidant enzymes such as 
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superoxide dismutase (SOD), ascorbate peroxidase (APX) 
or peroxidase (POD). 
The importance of seed germination in plant growth is 
widely recognized and its study has been used as a model 
for investigating toxicity of different element [12]. The 
present study reports the results of a laboratory 
investigation on the effect of arsenic on the germination of 
rice (Oryza sativa) and its effect on the physiology and 
biochemistry of germinated seedlings. 
 
II. MATERIALS AND METHODS 
2.1. Experimental Design  
About three hundred healthy seeds of two varieties of 
‘Amon’ rice (Ozyza sativa) i.e.  Satabdi and Nayanmani 
were collected for the study. The seeds were soaked in 
distilled water for 24 hrs in the dark at room temperature 
(23±2ºC). Twenty-five seeds were placed in each of three 
sets of four petridishes, covered by lid and incubate at 25o 
C. The petridishes contained filter paper moistened from 
below with sterilized cotton pads treated with four different 
concentrations i.e., 0, 1, 2 and 4 mg/l of Sodium Arsenite 
(NaAsO2). Thus, for each arsenic concentration including 
the 0-mg/l control, three replicates were made. The selected 
test seeds in each petri dish were treated with 10 ml of the 
aqueous NaAsO2 solutions prepared from a stock solution. 
Distilled water was used for treating the control seedlings. 
When germination was completed, the percentage (%) of 
germination was calculated for each concentration. After 3 
weeks, when the seedlings have matures, they were 
removed from the Petri dishes for further analysis. The 
growth parameters (the shoot and root length) were 
measured and recorded. The biochemical parameters 
(chlorophyll content, ascorbic acid content, protein and 
peroxidase) were estimated following standard procedure.  
2.2. Germination and Growth measurement  
Germination was completed within three to four days. The 
number of germinated seeds in each petri dish was counted, 
and the percentage (%) of germination was calculated. The 
mean values were calculated from the results of the three 
replicates. After three weeks, total test seedlings were taken 
out and washed gently with water to remove non-plant 
particles adhering to them. The length of root and shoot of 
the best-grown plant from each Petri dish was measured 
separately. The Vigor index of growth was calculated 
according to the equation of Abdul-Baki and Anderson [16]. 
Vigor index = (Root length + Shoot length) × Germination 
percentage 
The biomass was determined by determining the fresh and 
dry weights. One best-grown seedling from each petri dish 
was selected and weighed to get the fresh weight. The 
seedlings were wrapped in labeled blotting paper, oven 
dried at 80ºC for 24 hrs, and the dry weight was then 
recorded. 
2.3. Biochemical analysis 
Biochemical parameters such as the content of Chlorophyll, 
ascorbic acid, peroxidase and protein in the seedlings were 
measured as follows. Extracts were prepared from the 
required number of plants from individual Petri dishes.  
 For estimation of chlorophyll, the plant materials were 
extracted in 80% acetone and the solution absorbance at 645 
and 663 nm was recorded [17]. The amounts of the 
chlorophyll-a, chlorophyll-b and total chlorophyll as mg/g 
fresh plant weight were estimated by following equations. 
 
mg Chlorophyll a/g tissue=[12.7(A663) – 2.69(A645)] x 
V/(1000xW) 
mg Chlorophyll b/g tissue=[22.9(A663) – 4.68(A645)] x 
V/(1000xW) 
mg Total Chlorophyll/g tissue=[20.2(A645) + 8.02(A663)] x 
V/(1000xW) 
where , A = absorbance at specific wavelengths, V = final 
volume of Chlorophyll extract in 80% acetone, and W = 
fresh weight of tissue. 
 
Ascorbic acid was estimated by titrimetric method from the 
plant material extracted with 4% oxalic acid [18].  
Peroxidase (POD) activity was estimated at 40C with 
guaiacol by spectrophotometry  [18]. In the presence of 
H2O2, POD catalyzes the transformation of guaiacol to 
tetraguaiacol.  This reaction can be recorded at 470 nm. 
Protein was estimated by Lowry method [19] using bovine 
serum albumin as a standard. 
2.4. Statistical Analysis  
Statistical analysis was done by using SPSS 20. Duncun’s 
multiple range test (DMRT) was used for comparisons of 
the treatment at the 5 % level of probability. 
 
III. RESULTS AND DISCUSSION 
3.1. Effect of Arsenic on germination  
Seed germination is one of the most sensitive processes to 
metal pollution and hence is an important consideration 
while studying effects of heavy metals on seedling growth 
[20]. We studied the effects of arsenic on seed germination 
and found that arsenic inhibited the germination of both 
varieties of tested plants.  The inhibition increased with 
increased arsenic concentration. The germination of 
percentage of 4mg/l treated Satabdi plants was inhibited 
about 13.3% and Nayanmani plants was inhibited about  4% 
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in comparison to the control plants (Fig.1). Similar result 
have also been by some previous workers. [12, 13].  
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Fig. 1: Effect of arsenic on seed germination  
( Error bars represent ± SE). 
3.2. Effect of arsenic on Root and Shoot length 
Arsenic inhibited the growth of the seedlings as evidenced 
from the measurement of their root and shoot lengths. The 
root and shoot length of both Satabdi and Nayanmani were 
significantly decreased the compared to the control. The 
shoot length of 4mg/l treated Satabdi plants was inhibited 
about 32.8% and Nayanmani plants was inhibited about 
60.2% in comparison to the control (Fig.2). The root length 
of 4mg/l treated Satabdi plants  was inhibited about 65.4% 
and Nayanmani plants was inhibited about 65.1% by the 
compared to the control (Fig.3). Several previous studies 
showed that plants were inhibited by arsenic in a dose-
dependent manner [13,14,21]. Plants accumulate arsenic in 
trivalent (AsIII) and pentavalent (AsIV) forms. These forms 
interfere with phosphate in various metabolic pathways, and 
interact with sulfhydryl groups on proteins. Roots are found 
to be more affected than shoots because they contact with 
arsenic compounds at first than shoots.  
 
Fig. 2: Effect of arsenic on shoot length 
(Error bars represent ± SE) 
 
Fig. 3: Effect of arsenic on Root length  
(Error bars represent ± SE). 
3.2.1. Vigor index  
Since the vigor index of growth is a factor of root length, 
shoot length and germination percentage, it also showed a 
direct reduction when the concentration of sodium arsenite 
was increased (Fig.4). 
 
 
Fig. 4: Effect of arsenic on Vigor Index 
 
3.3. Effect of Arsenic on Dry biomass 
Dry biomass of 4mg/l treated Satabdi plants was 
significantly decreased about 75% and Nayanmani was 
about 67% by compared to the control of Satabdi and 
Nayanmani respectively (Fig.5). On exposure to different 
concentrations of arsenic for three weeks, rice plants 
showed prominent effect on the whole plant biomass.  
Biomass is generally used in studies of metal resistance to 
plants. The  arsenic  treatment  resulted  in symptoms  of  
phytotoxicity  and  considerable  inhibition  of   growth  and 
reduced biomass of  that species of rice  plants. 
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Fig. 5: Effect of arsenic on Dry Biomass 
(Error bars represent ± SE) 
 
3.4. Effect of Arsenic on Chlorophyll content Chlorophyll 
content was decreased by Arsenic treatment, because when 
heavy metal was entered in leaves then some parts were 
accumulated excessively and combined with –SH base of 
protein and then destroyed the structure and function of 
chloroplast. The decreasing tendency of chlorophyll was 
found in our present study for As treated seedlings in 
Nayanmani cultivar. Total Chlorophyll, Chlorophyll-a and 
Chlorophyll-b, decreased with increasing concentrations of 
arsenic accompanied by the pale green coloration of the 
leaves. At 4 mg /L sodium arsenite concentration of 
Nayanmani, chlorophyll-a and chlorophyll-b were reduced 
by 41.8% and 44.45%, respectively, from the control 
concentration, whereas the total chlorophyll content 
decreased by 42.36% (Fig.6,7,8) But the effect of arsenic 
toxicity is not apparent in Satabdi cultivar. According to 
Miteva and Merakchiyska, 2002[22], higher  arsenic  
concentrations  can resulted  alteration of the chloroplast 
shape, manifested in its rounding and shortening of the 
longitudinal axis  of  plant  cell  and  partial  destruction  
along  with  the changes  in  the  accumulation  to  the  
decrease  of  chlorophyll contents in rice leaf 
 
Fig 6: Effect of arsenic on Chlorophyll a 
(Error bars represent ± SE) 
 
Fig7: Effect of arsenic on Chlorophyll b 
(Error bars represent ± SE) 
 
Fig8: Effect of arsenic on Chlorophyll total 
(Error bars represent ± SE) 
 
3.5. Effect of Arsenic on Peroxidase 
Generation of free radicals and reactive oxygen species are 
stimulated in the presence of trace elements (TEs) which 
can damage cell membranes, nucleic acids and chloroplast 
pigments [23,24,25]. To mitigate and repair the damage 
originated by ROS, plants release various  antioxidant 
enzyme such as catalase (CAT), peroxidases (POD) and 
superoxide dismutases (SOD), and non-enzymic 
scavengers, e.g. glutathione, carotenoids and ascorbate [26]. 
In the present study, significant reduction in peroxidase 
activity was observed with increasing doses of arsenic.  
Mean  peroxidase  activity  recorded  was  least  in  control 
i.e.  165.88 OD/g fresh  weight/min in  Satabdi  and  165.89 
OD/g fresh  weight /min in Nayanmani. For the 4mg/l 
arsenic exposure, it was  23.69 OD/g fresh weight/min in 
Satabdi and about 36.19 OD/g fresh weight/min in 
Nayanmani (Fig.9).  According to Pandey and Sharma, 
2002[26], peroxidase are heam (Fe) containing enzyme and 
TEs inhibit Fe uptake, so, the peroxidase activity may have 
decreased. Another study by Schützendübel and Polle, 
2002[27] reported that peroxidase activity can be decreased 
by the substitution of TEs instead of essential ions in the 
enzyme structure or because of increase in ROS 
accumulation which effects the plant signal transduction 
pathways.  
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Fig.9: Effect of arsenic on Peroxidase 
 
3.6. Effects of Arsenic on Protein  
Protein content significantly decreased with exposure to 
arsenic in both the cultivars. At 4mg/l arsenic concentration 
of the protein content was reduced by 48.56% and 68.34% 
of the control value in Satabdi, and Nayanmani respectively 
(Fig.10). Protein contents decrease may be due to more 
oxidative injury by TEs [28,29].  
 
Fig.10: Effect of arsenic on Protein 
(Error bars represent ± SE). 
3.7. Effect of Arsenic on Ascorbic acid  
Ascorbic  acid  is  a  primary  cellular  antioxidant  and  also 
functions  as  a secondary  antioxidant  because  it  
represents  a  cellular  reservoir  to  regenerate  α-
tocopherol, which scavenges lipid peroxide radicals[30]. It 
plays an important role against physiological stress. In this 
study it was found that the ascorbic acid content 
significantly decreased under arsenic treatment as compared 
to the control (Fig.11). At 4mg/l arsenic concentration of 
Satabdi and Nayanmani, the ascorbic acid was reduced 
about 60% by the compare to the control plants.  
 
 
Fig.11: Effect of arsenic on Ascorbic Acid 
 
IV. CONCLUSION 
The present study demonstrates that that arsenic inhibits the 
germination and seedling growth in rice cultivars. Root and 
shoot length can be used as a good indicator for arsenic 
toxicity. Arsenic toxicity also affected the chlorophyll, 
protein and ascorbic acid content in the seedlings and 
reduced the peroxidase activity. There was considerable 
difference in arsenic tolerance between the two studied rice 
varieties. Nayanmani showed a higher tolerance to arsenic 
compared to Satabdi. The rate of decrease in peroxidase 
activity and ascorbic acid content was highest in lowest 
(1mg/l) As concentration, where after it continues to 
decrease slowly. Moreover, the tolerant variety Nayanmani 
showed relatively more reduction. From this study, it is 
clear that the arsenic causes oxidative stress and may 
enhance the activities of antioxidative enzymes such as 
peroxidase and ascorbic acid. The increased activity may 
also be compensated by other effects and inhibitions due to 
arsenic toxicity.  
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